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G ABSTRACT One phase of the Ocean Measurement Sensors ::s
Project at NORDA has been the evaluation of XDPs. (B
Interaction between the oceanic vertical shear In November, 1984, 12 XDPs vere deployed during the
field and the natural response of a recently TROPIC HEAT cruise of the University of Washington o
developed expendable dissipation profiler (XDP) Applied Physics Laboratory. Each of the XDPs was o
causes errors to be introduced in small scale dropped immediately after UW/APL had completed an N
velocity measurements. A numerical model was AMP (Advanced Microstructure Profiler) drop.
developed to study this problem and two sources of X
errors were determined, the primary source being The AMP  (Gregg, 1982) has two airfoil %ﬁ

the shear induced torques at the instrument length

scale. F )
1. INTRODUCTION

The direct measurement of the dissipation rate
of small scale turbulence has long been 3 goal of

turbulence probes in its sensor suite. The AMP
vehicle 1is longer and more massive than the XDP
vehicle and is expected to provide a much more
stable platform from vhich to measure turbulent
velocity fluctuations. This is confirmed by the
excellent agreement with the Nasmyth spectral form
(Oakey, 1983) for the observed level of dissipation

=

2L s

A : (obtained from integrating the shear spectrum). Ld
oceanographers, but has become feasible only in g g X
recent years vith the development of probes capa?ie When the records from both instruments vere vy
oi. measuring shears' on subcentimeter scalgs. he compared, the XDP shoved much larger apparent ‘*‘
primary sensor for thl? type of measurement'xs_bt ? dissipation rates than those obtained from the &MP. g
air-foil shear probe, initially developed by Ribner The XDP spectra often vere found to have unexpected W

and Siddon (1969, cited in Osborne and Craufofd,
1978) and subsequently improved for water operation
by Osborne and Cravford (1978).

peaks in 1 to 10 cpm vavenumber range and an excess
of variance at high vavenumbers over the Nasmyth
spectra for the same integrated shear wvariance. A

ETL

L. typical spectrum  of the XDP shear data is
The airfoil probe operates on the principle illustrated in figure 1.
that an ogive, passing at constant velocity thoggh o
a flov field with shear at right angles to its If the XDP is to be used as a reliable L

motion, will experience a lift force which 1is a
function of the shear field and its velocity. If

instrument for turbulence measurements. the
of the differences

cause
betveen the AMF and XDF

"

the ogive is elastic, it ;i111§i£0;mr in Tge 23?2:§ measurements must be located and corrected. Because o~
nearly proporticnal ‘Odt ag' 3 mouztii. 2 beam some of the peaks occurred in the 1 to 10 cpm band, o
probes ari CO?StrUCter_ ) )in a sil%cone rubber ve suspected that the background shear field might g
of piezoelectric mgtenl?he end of a long “sting® be amplified by the natural modes of oscillation of ol
ogive that is mounted on the XDP vehicle at scales near the vehicle length. ¢
at the front of the vehicle. o
. ber i mpliant and imparts It is difficult and expensive to design and Pu

The sllx;one rubber is comp 81 ar ) . conduct an experiment to measure the amplification
any deformation to the bean, the electrical outpu of the actual shear field in the ocean by an XDP. A A
of which is amplified and filtered by the.c1rcu1;;y numerical simulation offers a simpler means of -t
in the vghicle. The data may be stored ;g;sr?a y testing this hypothesis and provides additional ;\;
in the vehicle as in the Camel (Osborn, 19 )i or information that could not be obtained as regards o~
they may be sent to the sufféce via a dlx:cttd?(3 the mechanics of the XDP vehicle without a majer o
link as in the Advanced Microstructure rotiler engineering effort. o5
(AMP) (Gregg, 1982) or the expendable dissipation o
profiler (XDP). 5 WETHOD

The XDP was designed and built by Lueck and hﬁ}
Osborn (1983) as a relatively inexpensive The basic method folloved in  performing this ha's
expendable probe to measure dissipation from a simulation is to model the motion of an XDP vehicle 4
moving vessel. The basic design of the vehicle is by applying Nevton‘s third law in two degiees ot
similar to the well-known XBT, with certain translation and one of 1otaticn (o the XDP body .

differences that wvere introduced to reduce the

mechanical vibration of the instrument.

The major problem in simulating the rotion ot the
vehicle is  to obtain a good 1epresentation of the
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h Figure 1. Spectrum data obtained A
X during the Tropic November, 1984. y , ) y
3 The data used for tu.s s were from record Figure 7. Cooriinate systen for ¥DP wvehicle. The »
¥DPTHOLC, data points  l0d0n-13800, using Hanning angle o is !::wgn positive in the counterclockvise b
“indovwing and 501 overlap. The dissipation rare vas nense. Fhe origin for & is the center of gravity
7, computed by integrating 'o the cutotf wavenumbe:r. (mass) of the XDP vehicle.
V. s, a function of "is:ipa(ion rate, was a
3 obrained by iteration. The superposed curve is the rotation), and 3) the inside-out winding of  the ¢
' tasmyth spectrun  for the estimated dissipation vire eoil. "
1ate. &
The physical dimensions and froperties of to )
. forcing tield: the detailed velvzity structure of ehicle ave sumrpaz'}zed ir table 1, along with othe:
~ﬁe ncéan as a fun~tion of depth i constants used in the numerical simulation.
In this model, the vehicle is constrained to ) hT‘he mass of “the vehicle was determined by
WE -yt
planatr motion. This assumplion was made both for ;(“g :”gf {her XD Ond a  laboratory balance. The \
computational simplicity and ease of interpretation Y[’)rgc" ol 1nertia "’35 etermined by mounting the s
of the results. The othe: main assumption was the AR 33 T;‘* C;’”‘POU" pendulum and  measuring the ,
value of the virtual ma - and mements of inertia. petiod (Timoshenko and Young, 1940, p 401). The .
The wvirtual mass wvac taken a< the sum of the moaent  of  jnertia about the center of gravity wvas N
sehicle mass and that of the water disnlaced by the conmpnted by the usual formula (loc. cit., p 508).
, vehicle. The virtua! moment of inertja wvas taken as
. h ‘ : 4 A
, the sum of the vehicle moment of inertia about the . DIFFERENTIAL EQUATIONS
. center of gravity and the moment of inertia of the ) e b
N displaced water. The conrdinate system for the The  model d}”‘“f’“”"l cquations are derived d
instrument model is zhown :n figure 2. fron Newton’s _UHH’ ia<, balancing mass  times J
ancceleration in the horizontal and  vertical o
; 3. INSTRUMENT CHAPACTERISTICS directions and the angular  momentum  form of the "
thitd law  for rotation in the y - 6 plane. In all )
The XDP is =imilay in -hape to an ¥XBT. It has this work, the motion of the inctrument 15 assumed c
. . 8
nose sertion o provide a center of gravaty to l"" constrained to one  plane (v - 0), The .:.
L the  center of  bucvancy as in the XBT. The ”_””’1’”'"“‘ system is deftined in the (x,z) plane ‘e
mates diftferences  berueen  the EDP and  the  ¥BT Hithoa o taken peoative npmard. Ve can o coabo oy
“hivle gre 1) rthe leng "cting” at the nose of the =rite ahe differential equats a0t fion av le
SOP At the end of  which s mounted  the airioil ‘:q’
proteand aleny cbe < idn f Jhiich 15 mounted the ; v vettival .olo ity S
. ctae ) Ly o fins  (replaced by o ,
Yoar bl et ot croade drap and prevens v T PP T P
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. @ « ¢ = angular velocity ,

v = gravitational accceleration + buoyancy
acceleration + drag acceleration,

U = horizontal drag acceleration,

¥ = gravitational restoring torque +
shear torque

The specific formulation of these accelerations is
s given as

L 2

v o= m;l {-mg + b - pCD ( na® «

i LD | sina | ) v(vw][]
v nickoD L (U(z) - wlU(z) - uj
uo- v D

Vo= - bXI;l sin a -

1! Jtzt(cos e @, sin « o'y dg,

VoM
vhere

O(x) = 0.5 Cgpcos a [U(z+&cos a)-u]

|U(z+&cos a)-u|D(E),
Q(z) = ~0.5 Cng({) v |w! sin «

Background shear field, U(2z)

The driving force for this set of differential
equations is provided by the effect of the
background horizontal velocity field, U(z) exerting
a drag force on the XDP vehicle. The velocity field
vas estimated by constructing a depth series of
shear based on the Garget, et al. (1980) model
shear spectrum. The specific spectrum used wvas

given by:
S(k) = C k ¢ k.= 0.1 m_1 ,
- 0 ' 0
okt k<k<k-]m_1
= Gy (kr/kg) kg 1 - ,
= Nasmyth Spectrum, k > k1 H
c NN x 2 x107% s epm
0 * 0 ; '
NO = 1.4 cph
In the range k > 1 m_l, the Nasmyth spectrum

(Oakey, 1983) vas used vith a dissipation rate of ¢
-1 x10" W/kg.

"y Ry 1 A N L 4 . o g Wy Wy g o LW
s GO T ot 2 NS G oy o L A N

T TABLE 1 ]
Variable Description Base
Value
a Angle of XDP vehicle to
the vertical, positive in
counterclockvise sense
a Radius of XDP nose 0.025 »
b Buoyancy 1.6 N
L
CD Transverse drag 1.0
coefficient
D Diameter of instrument 0.05m ]
g Acceleration of gravity 9.8 m s_2
Iv Virtual Moment of
Inertia 0.0156 kgmzy
|
L Total length of XDP 0.340 m |
|
L1 Distance CG to nose 0.097 =
L2 Distance CG to tail 0.243 m
A Distance CG to center of
buoyancy 0.073 m
m Mass of XDP 1.088 kg
m, Virtual Mass 2.176 kg
o Density of Seavater 1025 kg 5‘31
S(k) Shear 3Spectrum
u dorizontal XDP velocity .
U(z) Background velocity field
v Vertical XDP velocity
X Horizontal XDP position
2 Vertical XDP position
v Angular velocity of XDP
4 Integration variable
(Distance from center of
gravity, positive aft)
J

The model shear tield wvas constructed by
taking the square root of the spectrum, multiplying
it by a complex factor exp{i#(k)], where (k) is a
trandom variable, uniformly distributed over (0,2n).
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An inverse Fourier transform was then applied to

tigures 3 and 4. Figure 5 presents the horizontal

the resultanF function of k to get 'random phase motion of the probe vith depth; figure 6, the :
! §hear profile. . The shear profile wvas then horizontal velocity; figure 7, the rotational %

K 1nte;;ated numerically to obtain the velocity angle; figure B,the angular velocity; and figure 9,

ﬁ profile. the vertical fall rate. The "sensed” horizontal ?
K . : . . velocity was computed by combining the velocity due \
o Symbolically (in continuous form): to rotation with the difference in horizontal ?

2 motion of the vehicle and the background flow:
-1..1/2 .

K U(z) = g FR(STT (k) expl ie(k) 1) dg, ]
? 0°¢ Usensed = U(z) -u - Lyv - <
¥
¢ (]
q vhere For this study, no attempt has been made to model Y
t the dynamic response of the probe. There should be N
' -1 ar ) little disagreement betveen the sensed flov as y
b FC (Eaa) = (2m f—wf(k) exp(ikl) dk computed above and the sensed flow after applying b

the probe’s lov pass response filter for the scales

o is the inverse Fourier transform. under consideration as the probe cutoff wvavenumber )
K is about 1 cm.
| A 65536 point discrete Fourier transform was .

used providing a 1 cm spacing of points. As the — n

i aperture of the probe vas about Z cm, this was felt ] ¥
k to be sufficient to model the response of the
. probe. For thebrotagional torque calculations, this RACKGROUND HORIZONTAL

spacing gave about points for integrating the

' forces over the length of the vehicle. VELOCITY [

A o v
o
]

. 5. DISCUSSION > '
t
K Forcing mechanisms

:) <
bd Tvo mechanisms should affect the motion of the - &
vehicle. Both produce torques on the vehicle body

“ vitich will cause it to oscillare as it falls <
\ through the vater column and thus induce spurious o )
a additions to the observed transverse current field. £&]

o The first and most obvious torque is caused by the ;; j
LY shear tield of the background flov. This field a

will, in general, induce a torque because a varying 552 (|
. distribution of force will be applied to the body 81 :
along its length.
L]
» The source ot the second torque is not as N ﬁ
: obvious. 1f the vehicle vere to fall into a region §1 "
A of constant flov, there vould be a uniform force ’
" over the vhole vehicle due to the difference in the ®
s horizontal velocity component of the vehicle and § (
the background flov. In most free fall vehicles, u T — y
the center of gravity (mass) is belov the center of ~013 -0l -~005 000 003
projected transverse area of the vehicle and, as Utm,s)

': the moment of force is computed about the center of LA~ 4
s gravity, a uniform force distribution will result — - N
'y in a torque. Thus, at lov frequencies (and \
; vavenumbers), ve should expect to see the angle of Figure 3. Background horizontal velocity versus ¢

h the wvehicle correlated with the background depth. The velocity vas obtained by integrating the ¢

! horizontal velocity. This vill not cause problems model shear field. Ry

vwith induced velocities, due to the lov frequency

W of the motions, but will cause an error due to the -
] angular sensitivity of the probe (not modeled ir »
-

) this study). The "sensed" velocity is plotted versus depth -

A in figure 10 . When this figure 1is compared with
{ Moge]l Recules figures 3 and 8, it appears that the Llw component :,
- - ) ) . . . of the "sensed"” velocity is nearly as important as -

The differential equations vere integrated the U(2) component. The scale of the plot makes it '

F using the IMSL version of the Gear solver for stiff difficult to see the details of the vehicle motion

ordinatry differential equations (IMSL, 1982). The effects on the "sensed" velocity
initial conditions on all variables were set to ) ’
zero, uo only the external forcing would affect the To determine the coatributions of the vehicle
’ motion ot the XDP vehicle. oscillations on the observed: velocities and the
) ) . . time/space B8cales at which effects occur, spectra
v The velocity and shear field used to drive the of bo!ﬁ the "sensed” velocity and the b;ck;round (
probe matinn are plotted as a tunction of depth  in velocity vere computed. These spectra vere copputed .
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Fall rate versus depth. The probe
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vithin 1 m of being dropped from rest.
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Figure 10. "Sensed" velocity at probe versus
depth. Only the motion at the probe wvas modeled.
The probe response was not modeled.
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Transfer function betwveen U(z) and Usen

d(2). The sensed velocities are amplitied vith
se

Figure 12.

respect to the background velocities 1n (ﬁc(U.A.to

5 cpm wavenumber band. The maximum amplification

occurs at about 1.3 cpm with a 30 fold

amplification.

for times and depths after wvhich the probe had

reached terminal velocity (about 1 to 3 meters).
can be

These spectra are plotted in figure 11. as
seen., the "sensed" velocity field has a very strong
peak in the 1 to 10 cpmr band, indicating a very
strong amplification of the backgrgund sheay. as
wvas hypothesized. The transfer tunction amplitude
which is equal to the ratio of the output spectrum
to the input spectrum wvas also computed and is
depicted in figure 12. This figure shows that the
background field is amplified by about a factor of
& . 10 in the 1 to 10 cpm band.

tor
6

The numerical simulation was repeated

several different values of € ranging fror 10

W/kg to 10_10
varying dissipation
amplification. These effects indicate
linearity: the amount of amplification
weakly with the dissipation rate.

the effect of
degine nf
a “eak non

increases

determine
rates on the

Wrkg to

Unresolved Problems

Vhile this numerical study has shown that the
probe’s response significantly affects the observed
shear in the 1 10 cpm band, it has not clarified
the 1easons for the large apparent differences in
obsetved dissipatic,. rates obtained froa the XbP
and the AMP, . A.W. Green, NORDA, jerconnal

A DU DU O O T e e e

IO O M, (K ,,’ v

e W N WL P WL LN YL A 22" ola® 00" N 0a° 9a° 1a* }
communication, has suggested that some of the
observed peaks in the low frequency band (1 - 10

cpm) may be due to slow rotations of the vehicle
coupled with precessional modes of oscillation. The
high frequency flattening of the spectrum may be
due, in part, to despooling noise associated with
the signal wvire and to wake noise transmitted
through the instrument to the sensor element.

6. CONCLUSIONS

Vhile several observations of the XDP probe’s
behavior that are still unaccounted for, this
modeling study has shovn that there may be
considerable amplification of the background shear
field in the vavenumber band betveen 1 and 10 cpm.
This 1is the same band vhere the peak in turbulent
energy dissipation is expected to occur (based on
the Nasmyth spectrum). Neglect of the probe
response in this region will cause serious errors
in estimation of the dissipation rate. Correction
of the amplification effect is made more difficult
by the nonlinearity of the effect, the occurrence
of spectral peaks not predicted by the model and
high frequency flattening of the spectrum. It
appears that further vork is required before the
expendable dissipation profiler is ready to be used
as a routine survey tool.
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